Testing the 'quality' of the fossil record. For the PermianTriassic event the authors use the number of fossiliferous, shallow-marine formations from each stage as a measure of the quality of the fossil record. As there is no change in the number of formations from the Changxingian to the Griesbachian, they infer that the quality of the fossil record has not changed either. I believe that there are several reasons why this method is flawed. Firstly, the number of formations named in a particular interval is not necessarily an indicator of the amount of palaeontological sampling that has occurred through that interval. By virtue of their accessibility etc. some formations will have received more attention than others. In addition, no evidence is given of the areal extent of the data. For example, are the same latitudes being compared across the event?
A further point to consider is that stratigraphic units in neighbouring countries or regions are often given different names despite representing identical environments with identical facies and fauna. For example, whereas in northern Italy Lower Triassic strata in the Dolomites belong to the Werfen Formation, near identical strata in Lombardy have been named the Servino Formation. These sediments were deposited on a shallow marine, mixed carbonate-siliciclastic storm dominated ramp environment (Twitchett 1997 and references therein). Very similar facies of identical age also occur in Hungary (Broglio Loriga et al. 1990 ; Hips 1998) and Slovenia (Twitchett 1997) where again they are placed in different formations. As we know, many fossils are facies dependent, and simply counting formations gives no indication of the range of facies being sampled, and is no indication that the same facies are being sampled on either side of an event.
Finally, there is the question of fossil preservation. Erwin (1996) has made the observation that no silicified faunas have been recorded from the Lower Triassic. It is clear from Erwin (1996) that a number of Permian-Triassic gastropod genera are almost exclusively found in silicified assemblages, and that the vast majority of genera actually present in the Lower Triassic had robust, equant shells with high preservation potential. Simply counting formations will not address the problem of preservational change.
Concerning the Carnian-Norian event, Wignall & Benton use the number of localities as a proxy for quality of the fossil record. As the identification of a locality implies a degree of palaeontological work, it is an improvement on merely counting up formations. However, there are still several problems with these data. Firstly, the authors do not define a 'locality': is it a single outcrop (e.g. Aust Cliff), or a region (e.g. SW Britain), or a whole country? Are all localities of the same size? Once again, how does the latitudinal spread compare between stages? Are they sampling the same environments before and after the event? It also appears from reading the text (p. 455) that the graph which shows how the number of localities varies with time (their fig. 3c ) is mislabelled.
Testing the theory of refugia. As Wignall & Benton (p. 455) note, 'it is inevitably more difficult to test for the importance of refugia . . . because . . . they are intrinsically rare'. In this case they limit their study to the question of oceanic islands and do not consider other possible refugia (Erwin 1996) . Their argument revolves around the observation that no Lower Triassic refugees have been found on fragments of accreted oceanic islands that have been studied. However, as relatively few examples have been thoroughly investigated it does not follow that such refugee taxa will never be found.
In summary, Wignall & Benton have outlined an important new explanation for the Lazarus effect, but have yet to prove that it should be favoured over the traditional alternatives.
Further implications. Lastly, I believe that this model has some further implications for our study of biotic crises which were not addressed by Wignall & Benton.
Their model ( fig. 1 ) shows a threefold division of an extinction event into an extinction phase (where all taxa disappear and some become extinct), a lag phase (where surviving taxa remain at low abundance) and a recovery phase (where the survivors reappear as population size increases). However, once population size has fallen below the detection limit of the fossil record there is no way to prove that the taxa which disappear from the fossil record also become extinct at this point. 'Disappearance' does not equal 'extinction' even if the taxon in question never reappears in younger strata. For example, the extant coelacanth family Latimeriidae has no fossil record in post-Campanian strata (Schultze 1993), yet clearly did not become extinct soon after its final disappearance. It is quite possible that a taxon could survive millions of years at viable population size without being detected in the fossil record. Therefore, taxa which disappear at a so-called mass extinction could easily linger on through the lag phase, recovery phase and beyond, eventually becoming extinct through normal background processes. Thus, can we really ever know the length of a so-called extinction phase?
4 June 1999 P. B. Wignall & M. J. Benton reply: We thank Twitchett for his comments and are gratified that he accepts our alternative origin for the Lazarus effect. With regard to testing between the alternative causes we agree that it is impossible to unequivocally determine the true origin of the Lazarus effect, but contest that a first-order appreciation can be had from the approaches we utilize. The plot of number of shallow-marine formations against time (Wignall & Benton 1999;  fig. 2 ) clearly shows that the dramatic diversity decline at the end of the Permian is not associated with a decline in the number of formations and thus is not likely to be caused by a decline in sampling size. Obviously it would be nice to know the number of 'palaeontologist hours' spent studying these formations, but, from our appreciation of the literature, it is unlikely to change the observation that the Late Permian fossil record is as intensively studied as that of the Early Triassic. Twitchett also highlights the fact that the area covered by formational units will inevitably be highly variable, but such effects will be averaged out in a global compilation such as this. The argument concerning variations in accessibility are spurious; there is no reason to suspect that earliest Triassic sections are any more inaccessible than latest Permian ones, indeed they are often examined in the same section.
The suggestion that changes of preservation style either side of the Permian-Triassic boundary may have affected apparent diversity changes is only of relevance to gastropods which are usually only identified when silicified material is present. Such material is rare in the interval from the Middle Permian to the Middle Triassic, resulting in a dearth of taxonomic studies at this crucial time. However, the dramatic increase in the Lazarus effect at the Permian-Triassic boundary (Wignall & Benton 1999, fig. 2 ), within this poor preservation interval, suggests that something other than changes of preservation style was occurring at this time.
Twitchett asks for clarification of the term 'locality' in our study of Upper Triassic vertebrates. Each locality is more substantial than a single outcrop and includes regional groupings such as the numerous sections of the Petrified Forest Member of Arizona.
With regards to Twitchett's comments on refugia during the end Permian extinction, he is in error in claiming that 'few examples [of ocean island refugia] have been studied.' This overlooks the many, well-studied Early Triassic seamount assemblages from Japan. These fail to reveal any of the missing Lazarus taxa; instead these island faunas are identical to those seen in contemporaneous shelf seas (e.g. Kamada 1979; Tamura 1981 Tamura , 1982 . There is therefore little or no evidence to suggest that ocean islands formed refuges in the Early Triassic. Interestingly, island refugia appear to have been of more significance during the end Triassic mass extinction (e.g. Stanley & Beauvais 1994), perhaps suggestive of different extinction dynamics for this later event.
Twitchett's final section is essentially rhetorical, but we feel he is being unduly pessimistic in suggesting that it is impossible to gauge the duration of a mass extinction because the disappeared species may have in fact persisted undetected in the fossil record. This Lazarus effect is undoubtedly important during mass extinctions, particularly for the end Permian crisis as we have discussed, but it would stretch credulity to consider mass extinctions as simply the product of the Lazarus effect operating at near 100% efficiency.
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